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1.0 INTRODUCTION 

During the  current report ing period mechanical and 

e l e c t r i c a l  res is tance t e s t s  have been performed on plated 

and plated-bonded Rexwell MX-44 polyethylene mesh. 

samples of Sea Space t h i n  polyethylene f i l m  (0.15 m i l )  were 

i r r ad ia t ed  and subsequently heat  t rea ted  i n  a i r  and nitrogen. 

Tensile and shrinkage t e s t s  were then performed on the  samples 

to determine the e f f e c t s  of i r r ad ia t ion ,  heat and oxidation 

on the f i l m .  

been selected f o r  i n i t i a l  t e s t s  t o  determine the f e a s i b i l i t y  

of  i r r ad ia t ing ,  extract ing,  heat t r ea t ing ,  perforat ing,  and 

p l a t i n g  t h i n  polyethylene f i l m .  The f i l m  se lected i s  

Marlex 6009made by P h i l l i p s  Chemical Co. T h i s  has been 

done so a s  t o  determine the processing problems on a l e s s  

c o s t l y  representat ive polyethylene f i l m .  

Additionally, 

A 1 m i l  high densi ty  polyethylene f i l m  has 

Finally,  work has been s t a r t ed  i n  f inding companies 

for ul t rasonic  bonding, i r r a d i a t i n g  and per fora t ing  t h i n  

polyethylene f i l m .  
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2 .o PLATED MESH TESTS 

2.1 Mechanical Test ing 

Tensile and f l exura l  r i g i d i t y  tests have been 

performed on the Rexwell mesh thmugh i t s  various s tages  of 

processing. Table 1 i s  8 summary of the t e s t i n g  r e s u l t s .  

The tests indicate  tha t  there i s  a general  increase 

i n  s t rength and r i g i d i t y  (and s t i f f n e s s )  of the mater ia l  

w i t h  processing. T h i s  can be seen f r o m  the  increasing values 

of y i e l d  fcrce,  %, and f l exura l  r i g i d i t y ,  G, w i t h  processing. 

The mechanical propert les  of the bonded mesh a re  

a l so  included i n  Table 1. It can be seen that  there i s  a 

l a rge  decrease i n  s t rength  a t  the bond. T h i s  loss i n  s t rength  

i s  the same f o r  both bonds w i t h  coated copper and without. 

The l o s s  i n  s t rength  i s  caused by s t r e s s  concentrations a t  

t he  edge of t h e  bond. In a l l  t e n s i l e  t es t s  f a i l u r e  occurred 

a t  t h i s  location. 

2.2 Elect r ica  1 Continuity 

E l e c t r i c a l  res i s tance  measurements were taken on 

1 inch square samples of plated Rexwell MX-44 mesh during 

t e n s i l e  tests. The ac tua l  data points  a r e  plot ted vs. s t r a i n  

i n  Figure i arid 2 Tor f ive  sz~?l2s. It c m  he seen from 

the graphs that  the maximum specif ied res i s tance  of 2 ohms/sq. 

occurs a t  approximately 20$ s t r a in ;  a f t e r  which there i s  a very 

rapid loss i n  cont inui ty  (rapid increase i n  res i s tance) .  

Resistance measurements were a l s o  taken across  the 

bonded mesh. Results indicate,  see Figure 3 and 4, that  the 

cont inui ty  across  the  bond i s  much less  than i n  the plated 

mesh i t s e l f .  Additionally, losses  i n  cont inui ty  occur more 

r ap id ly  w i t h  increasing s t r a i n  f o r  the  bonded plated mesh. 

-2- 



In  f a c t ,  a f t e r  approximately 4$ s t r a i n  there  is nearly 

no cont inui ty .  

expected sinse there  i s  not really a true bond between 

the plated pieces of mesh. 

These results for the bonded mesh may be 

-3- 



1 

I o m 4  

CUOb 
e . .  

o n 0  o m 0  ,,81 H a c n  

a, 
k 
5 
Q 

a, 
c2, 
E 
Q, 
.P 

.P c 
a, 
d 
P 
E a 

2 

* 
e 

c 
d 3 
c 
d 

-4- 



P l a t e  T h e  
S t r a i n  R a t e  
Teapera t u r e  
D i rec t ion  
(5 samples) 

: 1C %in. 
: 0.2 Ln./min. 
: ambient 
: 00 

L 



-..-- 

-+/A 

0 

I 

, i 

L 



20 

I 

Figure 

Pl8te T i r e  : 10 min. 
S t r a i n  R a t e :  0.2 in./niR. 
T m p c r s t u r e  : atxbient 
Direct ion : O5 
(5  camples)  

I I I I I I - 
f t *, 



. 

P O  

/ 

, *-. 



. 

3.0 IRRADIATED SEA SPACE POLYETHYLENE FILM 

The e f f e c t s  of i r r ad ia t ion  and heat treatment on 

u l t r a t h i n  (0.15 m i l )  Sea Space polyethylene f i l m  were establ ished.  

Samples of 0.15 m i l  polyethylene f i l m  were machine i r r ad ia t ed  

t o  15 Mrads. 

f o r  16.3 hrs. 

samples were heat  t rea ted  i n  a i r  and some i n  nitrogen. 

heat treatment t e n s i l e  and shrinkage t e s t s  were performed. 

3.1 Tensile Test R e s u l t s  

The mater ia l  was then heat  t rea ted  a t  105OC. 

To determine the  e f f e c t s  of oxidation some 

After  

The r e s u l t s  of the t e n s i l e  t e s t s  a re  presented 

i n  Table 2. 

Table 2 

Tensi le  Propert ies  o f  Sea Space 0.15 mil i r r ad ia t ed  
Polyethylene Fiim 

I r r ad ia t ion  DDse: 15 Mrads 
Heat Treatment Temperatme: IG5''J 
Time: 16.3 hrs. 

* 
Ultimate s t rength coincident w i t h  y ie ld  s t rength 

Comparing these r e s u l t s  w i t h  the r e s u l t s  of 

Table I V  of the June-August 1955 Quarter ly  Report, RAI 356, 

it can be seen t h a t  15 Mrads of  i r r ad ia t ion  lowers the s t rength 

a s l i g h t  amount and decreases the  percent elongation. 

can a l so  be seen t h a t  the e f f e c t  of an air atmosphere i n  heat 

t r e a t i n g  degrades the polyethylene s l igh t ly .  

It 



3.2 Shrinkage Test Results 

A c i r c l e  of i r rad ia ted  t h i n  f i l m  havlng a radius  

of 5.8 cm, was heat t rea ted  a t  1 0 5 O C .  f o r  16.3 hrs. i n  an 

unrestrained condition. The t e s t  was performed i n  both a i r  

and nitrogen, The dis tance from the center  of t he  c i r c l e  

t o  the perimeter of the  c i r c l e  was measured a f t e r  heat 

t r e a t i n g  a t  d i f f e ren t  included angles between d i rec t ion  of 

measurement and the  extrusion d i rec t ion ,  The r a t i o  of new 

dinension t o  the i n i t i a l  radius r/m was then p lo t ted  a s  a 

funct ion o f  the included angle between measured radius  and the 

extrusion d i rec t ion .  The r e s u l t s  a r e  presented i n  Figure 5. 

It can be seen t h a t  t h e  maximum r a d i a l  shrinkage, l-r/m, 

occurs a t  0 and 180 degrees, i.e.,  the  d i rec t ion  of extrusion, 

where r/m is a minimum. This maximum r a d i a l  shrinkage observed 

is  only about 7%. 

f i l m  i s  l e s s  than that of the unirradiated f i l m  a s  can be 

seen by comparing Figure 5 with Figure 10 in the  June-August 

1965 Quarter ly  Report, R A I  356. 

I n  general, the  shrinkage of the i r rad ia ted  
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SELECTION OF INITIAL THIN POLYETHYLENE FILM 

A t en t a t ive  select ion of th in  polyethylene f i l m s  

f o r  i n i t i a l  t e s t ing  has been made. The f i l m s  a r e  Marlex 5003 

and 6009 manufactured by Phi l l ips  Chemical Company. The 

s igni f icant  propert ies  of these f i l m s  a r e  l i s t e d  i n  Table 3. 

Table 3 
Propert ies  of Marlex Polyethylene Film 

No. Average Wt . Average C r y  s t a 11 ine 
Molecular Molecular Melting 

Weight Point 
Film (Mw) m ‘rn (OC.) 

Marlex 5003 0,950 g300-11,ooo 188,000-200,000 122 

Marlex 6009 0.960 10,500 122,000 125 
~ 

The r a t i o  of M f l n  ind ica tes  t h a t  there  i s  ti wide 

d i s t r ibu t ion  of molecular weights i n  these films. This 

s i t u a t i o n  i s  qui te  favorable f o r  extract ion.  It indica tes  

the poss ib i l i t y  of extract ing a large amount of low molecular 

weight mater ia l  f r o m  the f i l m  leaving a matrfx of  crosslinked 

high molecular weight f rac t ions  . 

. 
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5 00 muRE WORK 

I n  the  next reporting period o the r  f i l m  suppl ie rs  

as ide  from P h i l l i p s  w i l l  be contacted so that the i r  f i l m s  

can be evaluated. Once select ion i s  made s u f f i c i e n t  

quan t i t i e s  of film w i l l  be ordered t o  pursue the testing 

program and construct the del iverable  items. Work will a l s o  

be continued on the establishment of the required minimum 

thickness of a polyethylene f i l m  t h a t  w i l l  be ab le  t o  withstand 

a buckling pressure of f i v e  times s o l a r  pressure.  

Additionally, metall izing, f i l m  perforating, 

u l t rasonic  bonding and i r r a d i a t i o n  companies w i l l  be 

contacted t o  e s t a b l i s h  their  c a p a b i l i t i e s  i n  processing the 

t h i n  f i l m  t o  i t s  f i n a l  properties.  
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